OSA
Published by 2 One of the most pressing issues in accelerator science today is the production of subpicosecond duration electron bunches. Such bunches are required for a broad spectrum of applications, from achieving high luminosity in a linear collider to generating short duration Xray pulses [1, 2] . Means to measure the temporal distribution of charge within a single bunch on a bunch-by-bunch basis are required to make progress in this direction. One approach was demonstrated recently based on transverse deflecting microwave structures [3] . Another economical non-destructive method is based on detection of the coherent synchrotron or transition radiation produced by the short electron bunch since it contains detailed information about the bunch shape [4] . To measure the coherent spectrum from single bunches we have designed and built a miniature holographic Fourier transform spectrometer coupled with a commercial far IR detector array. Real time bunch shape diagnostics becomes possible with this new technique.
In a holographic Fourier transform spectrometer (HFTS) the static interferogram is created in the spatial domain and is sampled with the multichannel detector. Because of the development of detector arrays HFTS now have many applications in the visible and IR when compact size, broad bandwidth, large optical throughput, and characterization of time dependent sources are required. A shearing interferometer is often employed in the visible since its fringe visibility does not depend on the size of the source [5] thereby ensuring a high throughput. In the visible version of the instrument the source and the array detector are located at the same focal length from the lens providing a Fourier lens (or Fourier concave mirror for reflecting optics).
However for a realistic detector array size it is not possible to design an aberration corrected Fourier optical system with the necessary large field angles required for the THz region.
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3 By dividing the Fourier system into independent components in each arm of an interferometer we dramatically reduce the aberrations enabling a high throughput THz HFTS.
This solution is superior to dividing the beams after the single Fourier component and recombining them on the array with a set of flat mirrors as, say, in a modified Mach-Zehnder interferometer [6] . Our design described here preserves a high throughput since it minimizes the focal distance of the Fourier optics. With the finite source the effective overlap of the collimated beams on the array requires that the source and the array are located at focal distances from the Fourier lens which is impossible to realize with such interferometers as the Mach-Zehnder unless the focal length is very large. Our design will operate both with coherent and incoherent sources unlike some autocorrelators that make use of the transverse coherence of the transition radiation [7, 8] .
Division of the Fourier system into separate parts is possible both for shearing and tilt interferometers; but for the large interference angle required the tilt interferometer has more symmetric optics compared to the shearing interferometer so the aberrations are easier to control.
In analyzed by the detector, the intensity produced in the detector plane (xy) is given by the following relation A sufficiently large field of view of the spectrometer is one of the main requirements in the design process. Ray tracing is used to verify the aberration compensation of the instrument.
The interference pattern at the detector was calculated using the ray tracing software ZEMAX in a non-sequential mode by tracing 10 million rays at frequency 30 cm In conclusion the important elements of this design are: (1) using a split Fourier system in the tilt interferometer to radically reduce field aberrations; (2) showing that the theoretical 
